Introduction
============

Diabetes mellitus is a complex metabolic disorder and one of the main chronic diseases worldwide. The number of people with diabetes mellitus globally was estimated at 382 million in 2013, and is expected to reach over 592 million by 2035.[@b1-tcrm-10-547] Close to 5.1 million deaths in adults aged 20--79 years were attributable to diabetes mellitus in 2013, accounting for 8.4% of the global all-cause mortality in this age group.[@b2-tcrm-10-547] A number of antidiabetic drugs can be used, including sulfonylureas, metformin, α-glycosidase inhibitors, thiazolidinediones (TZDs), glinides, and insulin.

Recently, a new therapeutic approach for the treatment of type 2 diabetes mellitus (T2DM) that targets the incretin hormones has been developed. These peptide hormones, ie, glucagon-like peptide 1 (GLP-1) and glucose-dependent insulinotropic peptide, are released from the intestine after a meal and stimulate insulin secretion in a glucose-dependent fashion.[@b3-tcrm-10-547] However, their action is limited by rapid inactivation via the enzyme dipeptidyl peptidase (DPP)-4. In addition, patients with T2DM usually do not respond well to glucose-dependent insulinotropic peptide and GLP-1.[@b4-tcrm-10-547],[@b5-tcrm-10-547] Inhibition of DPP-4 will increase levels of active incretins, so DPP-4 has become a target in diabetes control.[@b6-tcrm-10-547]--[@b8-tcrm-10-547]

Incretin-based therapy was first made available for the treatment of T2DM in the USA in 2006 and in Japan in 2009.[@b9-tcrm-10-547] To date, seven DPP-4 inhibitors are available in Japan, including sitagliptin, vildagliptin, alogliptin, linagliptin, anagliptin, teneligliptin, and saxagliptin.[@b9-tcrm-10-547]--[@b12-tcrm-10-547] The effects of incretin-based therapy have been assumed to be exerted mainly through the hormonal and neuronal actions of one of the incretins, GLP-1, which is secreted from L cells localized in the small intestine. The benefits of this therapy over conventional sulfonylureas or insulin injections, such as fewer hypoglycemic events and less body weight gain, derive from the glucose-dependent insulinotropic effect. The protective effects of this therapy on vulnerable pancreatic β-cells and against micro/macroangiopathy in T2DM are also most welcome. Indications and/or contraindications for incretin-based therapy should be clarified by prospectively studying the experiences of Japanese patients with T2DM undergoing this therapy in the clinical setting.[@b9-tcrm-10-547] DPP4 inhibitors, pharmacokinetics/pharmacodynamics, efficacy, safety, and tolerability have been assessed in numerous clinical studies.[@b13-tcrm-10-547]

Saxagliptin is a potent, selective DPP-4 inhibitor approved as an adjunct to diet and exercise to improve glycemic control in adults with T2DM.[@b14-tcrm-10-547] As monotherapy, saxagliptin 2.5, 5, and 10 mg led to statistically significant improvements in glycemic indices versus placebo at week 24, and was generally well tolerated in treatment-naïve patients with T2DM. Hypoglycemic events were comparable between saxagliptin treatment groups and placebo, and there were no increases in weight.[@b15-tcrm-10-547] Long-term efficacy and safety data for saxagliptin as add-on therapy to metformin,[@b16-tcrm-10-547] sulfonylureas,[@b17-tcrm-10-547] or TZDs,[@b18-tcrm-10-547] or as initial combination therapy with metformin[@b19-tcrm-10-547] have been published, and long-term data (76 weeks) have been published for saxagliptin monotherapy at the approved doses of 2.5 and 5 mg.[@b20-tcrm-10-547]

Poolsup et al reported a meta-analysis of the efficacy of various antidiabetic agents as add-on treatments to metformin. Eight studies were identified in their paper. TZDs were as effective as DPP-4 inhibitors in reducing glycated hemoglobin (HbA~1c~). Compared with sulfonylureas, TZDs reduced fasting plasma insulin more effectively than sulfonylureas, but no significant differences were detected with regard to the effects on HbA~1c~ and fasting plasma glucose. It was shown that TZDs reduced fasting plasma glucose better than did DPP-4 inhibitors and decreased fasting plasma insulin more than did sulfonylureas.[@b21-tcrm-10-547] Gross et al also reported a meta-analysis of the efficacy of various antidiabetic agents as add-on treatments to metformin and sulfonylureas. Eighteen trials involving 4,535 participants and with a mean duration of 31.3 (range 24--52) weeks were included. Compared with placebo, the drug classes did not differ in their effect on HbA~1c~. Weight increase was seen with insulins and TZDs, and weight loss was seen with GLP-1 agonists. Insulins were associated with twice the absolute number of severe hypoglycemic episodes when compared with noninsulin antihyperglycemic agents.[@b22-tcrm-10-547] Recently, Phung et al reported on early combination therapy as add-on to metformin. Fifteen trials involving 6,693 participants and a mean treatment duration of 6 months were included. Drugs combined with metformin included TZDs, insulin secretagogues, DPP-4 inhibitors, and sodium glucose transporterase inhibitors. Compared with metformin alone, combination therapy with metformin achieved statistically significant reductions in HbA~1c~, an increase in the number of patients achieving their HbA~1c~ goal of \<7%, and reductions in fasting plasma glucose. It was suggested that there was a potential benefit of initial combination therapy on glycemic outcomes in diabetes when compared with metformin monotherapy across a wide range of baseline HbA~1c~ levels.[@b23-tcrm-10-547] This paper discusses the efficacy, safety, and acceptability of saxagliptin in treating Japanese patients with T2DM.

Characteristics of Japanese patients with T2DM
==============================================

T2DM results from a deterioration of both insulin secretion and insulin action,[@b24-tcrm-10-547] but the contribution of these factors to glucose intolerance varies between different ethnic groups. In Japanese, reduced insulin-secreting capacity is considered to play a more important role than impaired insulin resistance during the transition from normal glucose tolerance to impaired glucose tolerance, and then to overt T2DM.[@b25-tcrm-10-547] The insulinogenic index is calculated by dividing the increment in serum insulin from 0 to 30 minutes during an oral glucose tolerance test by the increment in plasma glucose during the same period. The insulinogenic index is a marker of early-phase insulin-secretion capacity in response to a rise in blood glucose levels.[@b26-tcrm-10-547] A low insulinogenic index has been described in Japanese patients, independent of glucose tolerance status, when compared with Caucasian patients.[@b27-tcrm-10-547] The low insulinogenic index in Japanese patients is thought to reflect β-cell fragility. Fukuda-Akita et al reported a positive association between body mass index (BMI) and insulinogenic index in diabetic patients, and that BMI was an independent determinant of the insulinogenic index.[@b28-tcrm-10-547] Given that mean BMI is much lower in the Japanese than in Caucasians,[@b29-tcrm-10-547] it is possible that the early-phase decrease in insulin secretion in Japanese diabetic patients is partly a result of their lower BMI. On the one hand, Matsumoto et al showed that the insulinogenic index is decreased in both nonobese and obese subjects with impaired glucose tolerance or T2DM.[@b25-tcrm-10-547] On the other hand, Iwahashi et al reported that insulinogenic index values among both those with impaired glucose tolerance and T2DM, were higher in obese Japanese subjects than in their nonobese counterparts similar to what is observed in Caucasian subjects.[@b30-tcrm-10-547] Unfortunately, in these studies, the findings were based on univariate analysis. For example, Iwao et al recently reported that obese subjects had higher levels of homeostatic model insulin resistance (HOMA-IR), higher homeostatic model assessment of β-cells (HOMA-β), and a higher insulinogenic index associated with a lower insulin sensitivity index in comparison with nonobese subjects at different stages of glucose tolerance in a univariate analysis.[@b31-tcrm-10-547] These data suggest that obese subjects have increased insulin resistance rather than reduced insulin secretion at all stages of glucose tolerance. Multiple logistic regression analysis showed that HOMA-IR was a significant independent factor between nonobese and obese subjects. Further, different therapeutic strategies should be considered in Japanese patients independent of obesity.[@b31-tcrm-10-547]

Effectiveness of incretin-based drugs for Japanese patients with T2DM
=====================================================================

The evidence suggests that Asian patients have a high risk of T2DM when compared with their Western counterparts at the same BMI, and are more prone to abdominal obesity and low muscle mass with increased insulin resistance.[@b32-tcrm-10-547]

It has been noticed that incretin-based drugs are more effective in Asians, likely as a result of amelioration of defective early-phase insulin secretion, which is a characteristic feature of T2DM in Asians.[@b27-tcrm-10-547],[@b33-tcrm-10-547] Recent meta-analyses of DPP-4 inhibitor therapy support this notion.[@b34-tcrm-10-547],[@b35-tcrm-10-547] For Japanese patients, the HbA~1c~ reduction was twice that in non-Japanese patients when compared with placebo, without any increased risk of hypoglycemia.[@b34-tcrm-10-547] DPP-4 inhibitors were associated with a similar HbA~1c~ reduction or risk of hypoglycemia when compared with other hypoglycemic agents. Further, DPP-4 inhibitors have a significantly decreased risk of any adverse events and serious adverse events when compared with other hypoglycemic agents.[@b34-tcrm-10-547]

Kim et al reported that when DPP-4 inhibitors were used as part of oral combination therapy, Asian-dominant studies showed a greater HbA~1c~-lowering effect than non-Asian-dominant studies (between-group difference -0.18%, *P*=0.006).[@b35-tcrm-10-547] There was no relationship between BMI and the HbA~1c~-lowering efficacy of DPP-4 inhibitors in the studies in which mean BMI was ≥30 kg/m^2^, but BMI was significantly associated with the HbA~1c~-lowering efficacy of DPP-4 inhibitors in studies in which mean BMI was \<30 kg/m^2.35^There was no difference in body weight change from baseline between the Asian-dominant and non-Asian-dominant studies, which would indicate that the baseline BMI might influence the glucose-lowering action of DPP-4 inhibitors.[@b35-tcrm-10-547] One Japanese study confirmed a significant correlation (*r*=0.419, *P*=0.0023) between baseline BMI and HbA~1c~ levels after 16 weeks of treatment with sitagliptin in patients with T2DM and a BMI of 24.1±5.0 kg/m^2^,[@b36-tcrm-10-547] indicating that a lower BMI might predict a good response to a DPP-4 inhibitor. Taken together, the different BMIs among ethnic groups might bring about the differences in the glucose-lowering response to DPP-4 inhibitors.[@b35-tcrm-10-547]

On the other hand, Horikawa et al undertook a study of dietary intake in Japanese patients with T2DM to determine differences in diet between Japanese and Western subjects. Nutrition and food intake was investigated in 1,516 T2DM patients aged 40--70 years from outpatient clinics in 59 university and general hospitals using the Food Frequency Questionnaire in Japan.[@b37-tcrm-10-547] Mean energy intake for all subjects was 1,737±412 kcal/day, and mean proportions of total protein, fat, and carbohydrate comprising total energy intake were 15.7%, 27.6%, and 53.6%, respectively. These patients expended a "low-fat energy-restricted diet" when compared with Western T2DM subjects, and their fat consumption was within the range traditionally recommended in Western countries.[@b37-tcrm-10-547] As a protein source, consumption of fish (100 g) and soybean products (71 g) was greater than that of meat (50 g) and eggs (29 g).[@b37-tcrm-10-547] These outcomes would suggest that dietary content and food patterns among Japanese patients with T2DM might be quite close to those reported as being suitable for the prevention of obesity, T2DM, and cardiovascular disease, and for decreasing total mortality in Europe and the USA.[@b37-tcrm-10-547] These dietary differences between ethnic groups likely contribute to the observed ethnic differences in the glucose-lowering response to DPP-4 inhibitors.

A review by Wong et al reported that DPP-4 inhibitors and GLP-1 analogs were in general effective as add-on therapies to existing sulfonylureas, achieving HbA~1c~ reductions in the order of 0.59%--0.90% and 0.77%--1.62%, respectively, in diabetic patients in the Asia-Pacific region.[@b38-tcrm-10-547] Few adverse events, including hypoglycemic attacks, were reported.

Therefore, these two new drug classes represent novel therapies with great potential to become major therapeutic options.[@b38-tcrm-10-547] Nevertheless, some of the limitations of these studies should be mentioned. In fact, almost all the studies were conducted among Japanese patients and few representations from other ethnic groups are available in the existing literature. This could be explained by the fact that Japanese patients with diabetes are in general less obese and have the "thrifty" genotype, which is associated with more insulin deficiency and less insulin resistance than the Western population.[@b39-tcrm-10-547] In fact, in a cross-sectional study of 17,000 Japanese patients with T2DM, 72%--78% of those on oral hypoglycemic agents were using sulfonylureas.[@b40-tcrm-10-547] Recently, Kozawa et al showed that endogenous insulin-secreting capacity, including insulinogenic index, fasting plasma C-peptide, and C-peptide index, was more sustained in DPP-4 inhibitor-effective patients than in DPP-4 inhibitor-ineffective patients.[@b41-tcrm-10-547] Moreover, insulin resistance evaluated by HOMA-IR was significantly higher in DPP-4 inhibitor-effective patients than in DPP-4 inhibitor-ineffective patients. In receiver operating characteristic analyses, the cut-off values for predicting the efficacy of DPP-4 inhibitors were 0.07 for insulinogenic index, 1.5 ng/mL for fasting plasma C-peptide, 1.0 for C-peptide index, 23.0 kg/m^2^ for BMI, 1.3 for HOMA-IR, and 67.5 years for age.[@b41-tcrm-10-547]

Case report of saxagliptin in an obese patient with T2DM
========================================================

To determine whether saxagliptin would improve glycemic control and reduce insulin resistance, we investigated the effect of saxagliptin 5 mg as monotherapy on blood glucose levels and the incretin response in an obese male patient with T2DM (age 39 years, BMI 27.5, HOMA-IR 3.57) during a 75 g oral glucose tolerance test. The test was performed at baseline and 2 months later, and levels of plasma glucose, immunoreactive insulin, C-peptide immunoreactivity, and glucagon were measured. Saxagliptin 5 mg reduced the levels of plasma glucose, immunoreactive insulin, C-peptide immunoreactivity, and glucagon during the test. Saxagliptin also lowered HbA~1c~ (from 7.0% to 6.1%) after 2 months. Saxagliptin may improve postprandial glycemic control via decreasing insulin resistance and glucagon secretion. Interestingly, immunoreactive insulin and C-peptide immunoreactivity levels were decreased after glucose loading in the 75 g oral glucose tolerance test performed in this obese patient with T2DM ([Figure 1A--D](#f1-tcrm-10-547){ref-type="fig"}).

Clinical development study in Japan also supports its usefulness for T2DM
=========================================================================

Multiple dose monotherapy trial
-------------------------------

In a multicenter, randomized, double-blind, placebo-controlled, multiple-dose Phase II trial, 349 Japanese patients with T2DM who had inadequate glycemic control on a combination of diet and exercise therapy with or without oral hypoglycemic agent monotherapy were assigned to receive oral doses of saxagliptin 1, 2.5, or 5 mg or placebo (93 patients, 88 patients, 81 patients, and 87 patients, respectively) once daily before breakfast for 12 weeks, after a 2-week placebo run-in period ([Table 1](#t1-tcrm-10-547){ref-type="table"}).[@b42-tcrm-10-547],[@b43-tcrm-10-547] Age, sex, BMI, HbA~1c~, fasting plasma glucose, fasting glycoalbumin, fasting immunoreactive insulin, fasting C-peptide immunoreactivity, HOMA-β, and HOMA-IR were not significantly different between the groups treated with saxagliptin 1, 2.5, and 5 mg, and placebo. There were no significant differences that prescription condition (assortment, use frequency) of a pre-treatment drug for T2DM, such as sulfonylureas, biguanides, α-glycosidase inhibitors, TZDs, and glinides among the groups treated with saxagliptin 1, 2.5, and 5 mg, and placebo. ([Table 2](#t2-tcrm-10-547){ref-type="table"}). Patients with T2DM who received oral hypoglycemic monotherapy (except for those taking TZDs) after an 8-week washout period, or patients with TZD monotherapy had a 12-week washout period, the patients who had a fluctuation in HbA~1c~ of 1.0% or less, were eligible to participate in this study ([Table 2](#t2-tcrm-10-547){ref-type="table"}). One patient in the 5 mg group was excluded from the efficacy analysis because HbA~1c~ values had not been recorded. Changes in HbA~1c~, fasting plasma glucose, and glycoalbumin from baseline to 12 weeks were compared between saxagliptin and placebo using Dunnett's test. The last observation carried forward method was used to handle data missing because of early discontinuation or data censoring. In this multiple dose study, saxagliptin achieved consistent reductions in HbA~1c~ from baseline to 12 weeks ([Figure 2A](#f2-tcrm-10-547){ref-type="fig"}). By 12 weeks, HbA~1c~ had decreased by 0.59% from a baseline value of 8.69% in patients receiving saxagliptin 1 mg (n=93), by 0.69% from a baseline of 8.40% in patients receiving 2.5 mg (n=88), by 0.90% from a baseline of 8.47% in patients receiving 5 mg (n=81), and by 0.08% from a baseline of 8.47% in patients receiving placebo (n=87). The adjusted between-treatment difference (saxagliptin 1, 2.5, and 5 mg versus placebo) was statistically significant (*P*\<0.0001) in favor of saxagliptin ([Figure 2B](#f2-tcrm-10-547){ref-type="fig"}).[@b42-tcrm-10-547],[@b43-tcrm-10-547] After 12 weeks of treatment, fasting plasma glucose had decreased by 12.6 mg/dL from a baseline value of 173.6 mg/dL in patients receiving saxagliptin 1 mg (n=93), by 12.0 mg/dL from a baseline of 166.8 mg/dL in patients receiving 2.5 mg (n=88), and by 16.6 mg/dL from a baseline of 162.5 mg/dL in patients receiving 5 mg (n=81), and increased by 0.9 mg/dL from a baseline of 167.3 mg/dL in patients receiving placebo (n=86). The adjusted between-treatment difference (saxagliptin 1, 2.5, and 5 mg versus placebo) was statistically significant (*P*\<0.0001) in favor of saxagliptin.[@b42-tcrm-10-547],[@b43-tcrm-10-547] After 12 weeks of treatment, glycoalbumin had decreased by 0.76% from a baseline value of 24.59% in patients receiving saxagliptin 1 mg (n=93), by 1.27% from a baseline of 23.54% in patients receiving 2.5 mg (n=88), and by 1.96% from a baseline of 23.18% in patients receiving 5 mg (n=81), and increased by 1.28% from a baseline of 24.25% in patients receiving placebo (n=86). The adjusted between-treatment difference (saxagliptin 1, 2.5, and 5 mg versus placebo) was statistically significant (*P*\<0.0001) in favor of saxagliptin.[@b42-tcrm-10-547],[@b43-tcrm-10-547] In the saxagliptin treatment groups, significant reductions in HbA~1c~, fasting plasma glucose, and glycoalbumin were observed regardless of dose when compared with placebo, with the highest efficacy observed in the 5 mg dose group.[@b42-tcrm-10-547],[@b43-tcrm-10-547]

Saxagliptin 1, 2.5, and 5 mg has led to significant improvements in the glycemic indices of HbA~1c~, fasting plasma glucose, and glycoalbumin, and has been generally safe and well tolerated in T2DM.[@b42-tcrm-10-547],[@b43-tcrm-10-547] The overall incidence of adverse events on saxagliptin 1 mg (44.1%), saxagliptin 2.5 mg (45.5%), and saxagliptin 5 mg (47.6%) were comparable with placebo (54.0%). The most frequent adverse events were nasopharyngitis (one case in the 1 mg group, nine cases in the 2.5 mg group, six cases in the 5 mg group). The main adverse effects in the saxagliptin group were abdominal distension (three cases, 1.1%) and pruritus (three cases, 1.1%). The proportion of patients who experienced hypoglycemic events was low in the 2.5 mg group (0.4%). The incidence of adverse events in the saxagliptin groups did not tend to increase in a dose-dependent manner.[@b42-tcrm-10-547],[@b43-tcrm-10-547]

Long-term monotherapy trial
---------------------------

In a multicenter, open-label, noncontrolled Phase III trial, 125 Japanese patients with T2DM and inadequate glycemic control were assigned to receive oral doses of saxagliptin 5 mg once daily before breakfast for 52 weeks,[@b42-tcrm-10-547],[@b44-tcrm-10-547] ([Table 3](#t3-tcrm-10-547){ref-type="table"}) which induced a sustained reduction in HbA~1c~ ([Figure 3](#f3-tcrm-10-547){ref-type="fig"}). Saxagliptin 5 mg also induced a sustained reduction in fasting plasma glucose and did not affect body weight during the study period.

Long-term monotherapy with saxagliptin 5 mg achieved sustained glycemic control and was safe and well tolerated for up to 52 weeks.[@b42-tcrm-10-547],[@b44-tcrm-10-547] The overall incidence of adverse events was 78.4%. The most frequent adverse event was nasopharyngitis (37 cases, 29.6%). Serious adverse events were observed in six cases (4.8%), it could not be denied that there would be the causal relationship to saxagliptin with each one case of asymptomatic myocardial infarction, polymyalgia rheumatica. The incidence of side effects was 15.2%, the main ones being two cases of frequent urination (1.6%). No hypoglycemic events were reported.[@b42-tcrm-10-547],[@b44-tcrm-10-547]

Long-term combination therapy trial
-----------------------------------

In a multicenter, open-label, non-controlled Phase III trial, 577 Japanese patients with T2DM who had inadequate glycemic control on a combination of diet and exercise therapy with one or more oral hypoglycemic combination therapy group (CTG), ie, sulfonylureas, α-glycosidase inhibitors, biguanides, TZDs, or glinides, were assigned to receive oral doses of saxagliptin 5 mg combined with sulfonylureas (n=182), α-glycosidase inhibitors (n=111), biguanides (n=116), TZDs (n=108), or glinides (n=57) once daily before breakfast for 52 weeks ([Table 4](#t4-tcrm-10-547){ref-type="table"}).[@b42-tcrm-10-547],[@b45-tcrm-10-547] Patients with T2DM who had been on oral hypoglycemic monotherapy for 12 weeks were considered for participation in this study. When patients with T2DM who had two or more oral hypoglycemic agents (except for patients taking TZDs), the patients were eligible to participate in this study after an 8-week washout period in the protocol. In actuality, patients with T2DM who had two or more oral hypoglycemic agents including TZDs, could not washout TZDs. On the other hand, when T2DM patients who had sulfonylurea combination therapy, they reduced the sulfonylurea dose from 8 weeks before saxagliptin treatment. Changes in HbA~1c~, fasting plasma glucose, and 1,5-anhydroglucitol (1,5-AG) from baseline to 52 weeks compared between post-treatment with saxagliptin and baseline using a paired Student's t-test. Differences were considered significant at *P*\<0.05.

After 52 weeks of treatment, HbA~1c~ had decreased by 0.50% from a baseline value of 8.46% in isulfonylureas CTG patients, by 0.83% from a baseline of 8.59% in α-glycosidase inhibitors CTG patients, by 0.64% from a baseline of 8.50% in biguanides CTG patients, by 0.51% from a baseline of 8.65% in TZDs CTG patients, and by 0.60% from a baseline of 8.22% in glinides CTG patients ([Figure 4A--D](#f4-tcrm-10-547){ref-type="fig"}). The adjusted between-treatment difference was statistically significant (*P*\<0.05) in favor of saxagliptin ([Figure 5](#f5-tcrm-10-547){ref-type="fig"}).[@b42-tcrm-10-547],[@b45-tcrm-10-547] After 52 weeks of treatment, fasting plasma glucose had decreased by 10.7 mg/dL from a baseline value of 162.0 mg/dL in sulfonylureas CTG patients, by 23.8 mg/dL from a baseline of 179.6 mg/dL in α-glycosidase inhibitors CTG patients, by 15.2 mg/dL from a baseline of 168.8 mg/dL in biguanides CTG patients, by 11.4 mg/dL from a baseline of 177.9 mg/dL in TZDs CTG patients, and by 13.2 mg/dL from a baseline of 159.8 mg/dL in glinides CTG patients.[@b42-tcrm-10-547],[@b45-tcrm-10-547]

After 52 weeks of treatment, 1,5-AG had increased by 2.9 μg/mL from a baseline value of 4.7 μg/mL in sulfonylureas CTG patients, by 5.25 μg/mL from a baseline of 6.25 μg/mL in α-glycosidase inhibitors CTG patients, by 3.67 μg/mL from a baseline of 5.29 μg/mL in biguanides CTG patients, by 3.33 μg/mL from a baseline of 3.96 μg/mL in TZDs CTG patients, and by 3.88 μg/mL from a baseline of 6.45 μg/mL in glinides CTG patients.[@b40-tcrm-10-547] These data suggest that saxagliptin clearly improves fasting and postprandial hyperglycemia in patients with T2DM. Long-term combination therapy with saxagliptin and other oral hypoglycemic agents provided sustained glycemic control and was well tolerated for up to 52 weeks.[@b42-tcrm-10-547],[@b45-tcrm-10-547]

The overall incidence of adverse events was 84.2% for sulfonylureas CTG patients, 77.0% for α-glycosidase inhibitors CTG patients, 77.6% for biguanides CTG patients, 79.6% for TZDs CTG patients, and 84.2% for glinides CTG patients. There were no differences with regard to incidence of adverse events among the CTG patients, the most frequent adverse event being nasopharyngitis (in 22.1%--36.8% of patients). Serious adverse events were observed in nine (4.9%) sulfonylureas CTG patients, nine (8.0%) α-glycosidase inhibitors CTG patients, two (1.7%) biguanides CTG patients, four (3.7%) TZDs CTG patients, and six (10.5%) glinides CTG patients. Severe hypoglycemia was not observed.[@b42-tcrm-10-547],[@b45-tcrm-10-547] The incidence of adverse events related to hypoglycemia was low in α-glycosidase inhibitors CTG patients (0.9%), in biguanides CTG patients (1.7%), and in TZDs CTG patients (1.9%), and there was no difference between these hypoglycemic agent CTG and long-term saxagliptin monotherapy. However, the incidence of adverse events related to hypoglycemia was higher in sulfonylureas CTG patients (8.2%) and in glinides CTG patients (10.5%) than saxagliptin long-term monotherapy, other oral hypoglycemic agent CTG patients. Thus, saxagliptin as an add-on to sulfonylureas or glinides has a tendency to increase hypoglycemia, but not when combined with other oral hypoglycemic agents, such as α-glycosidase inhibitors, biguanides, or TZDs.

The results of the above clinical trials confirmed the long-term efficacy and safety of saxagliptin as monotherapy and as add-on combination therapy, and support its usefulness as a therapeutic agent for Japanese patients with T2DM. Saxagliptin has less concern for hypoglycemia and weight gain, which often become problematic in routine care.[@b42-tcrm-10-547]--[@b45-tcrm-10-547]

Meta-analysis of SAVOR-TIMI 53 and EXAMINE trials
-------------------------------------------------

Meta-analysis of clinical trials in the USA showed no evidence of an increased risk of cardiovascular events being associated with saxagliptin, suggesting superiority of this agent in terms of safety.[@b46-tcrm-10-547]

The multicenter, randomized, double-blind, placebo-controlled, Phase IV SAVOR-TIMI (Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus-Thrombolysis in Myocardial Infarction) 53 study,[@b47-tcrm-10-547],[@b48-tcrm-10-547] conducted in 26 countries, reported a lower HbA~1c~ level in patients receiving saxagliptin when compared with a placebo group. This study included a total of 16,496 diabetic patients from mainly Western countries (91.7%). Despite significant improvements in glycemic control being observed, this study failed to show any cardioprotective benefit. Saxagliptin was found to be noninferior to placebo for cardiovascular endpoints, although the rate of hospitalization for heart failure was increased.[@b48-tcrm-10-547]

Although saxagliptin improves glycemic control, other approaches with longer observation periods are necessary to reduce cardiovascular risk in patients with T2DM. Results similar to the above study were reported in the recent EXAMINE (EXamination of cArdiovascular outcoMes:AlogliptIN versus standard of carE in patients with type 2 diabetes mellitus and acute coronary syndrome) trial (ClinicalTrials.gov identifier NCT00968708). This trial recruited patients from different geographic regions, for which the Asia-Pacific region accounted for around 20% of the total study population. No differences were observed in the primary endpoints of cardiovascular death, myocardial infarction, and stroke between the alogliptin and placebo groups. In particular, the rates of primary endpoint among subjects in Asia/Pacific region were 9.1% and 10.3% in the alogliptin and placebo groups, respectively (95% confidence interval \[CI\] 0.59--1.30).[@b49-tcrm-10-547]

In an editorial, Schernthaner and Sattar discussed the cardiovascular events reported in SAVOR-TIMI and EXAMINE.[@b50-tcrm-10-547] Patients randomized to active therapy or placebo in the SAVOR-TIMI and EXAMINE studies differed in many aspects. Whereas SAVOR-TIMI recruited two types of patients, one group with established cardiovascular disease and the other with multiple risk factors, all patients in EXAMINE had a history of acute coronary syndrome.[@b48-tcrm-10-547],[@b49-tcrm-10-547] Thus, prior stroke and peripheral arterial disease was appreciably less common in EXAMINE, and whereas heart failure at baseline was documented in 28% of patients included in EXAMINE, it was present in only 14.8% and 5.1%, respectively, of the two groups of patients recruited into SAVOR-TIMI. About two thirds of all subjects received metformin at baseline, and sulfonylureas were used by 37%--46% of participants. Insulin was used more often in SAVOR-TIMI patients with established cardiovascular disease (42.2%) compared with patients included in EXAMINE (30%), which is likely explained in part by the fact that the median duration of diabetes was longer in SAVOR-TIMI than in EXAMINE (10.3 versus 7.3 years). Treatment for lowering of cardiovascular risk factors was very good in both trials; statins and angiotensin-converting enzyme inhibitors/angiotensin receptor blockers were used in 80%--90% of subjects and antiplatelet agents in 89%--97%; however, β-blocker were less used in SAVOR-TIMI than in EXAMINE (68% versus 82%). As expected, the 25% of subjects in SAVOR-TIMI presenting with multiple risk factors received less cardioprotective therapy.

The SAVOR-TIMI study was basically designed as a superiority study testing the hypothesis that treatment with saxagliptin is safe and decreases cardiovascular events in high-risk patients with T2DM,[@b48-tcrm-10-547] whereas the primary objective of EXAMINE was to demonstrate the noninferiority of major adverse cardiac events on alogliptin versus placebo in the treatment of T2DM in a patient group at high cardiovascular risk.[@b49-tcrm-10-547] The primary endpoint, ie, the composite of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke, was not different between the DPP-4 inhibitor and placebo arms either SAVOR-TIMI or EXAMINE, despite the small difference in median exposure time (25 months versus 18 months). These findings demonstrate that saxagliptin and alogliptin are safe in terms of cardiovascular disease, but cannot further lower the risk of the primary endpoint when added to other antidiabetic and cardioprotective drugs in patients with T2DM at high cardiovascular risk.[@b50-tcrm-10-547] The HbA~1c~-lowering potency of saxagliptin and alogliptin at study end versus baseline or the control groups was rather modest in both studies (0.30% and 0.36%), although one must accept that neither study was designed as a glycemia differential trial. Additionally, the reported pleiotropic cardiovascular effects of DPP-4 inhibitors on lipid-lowering and blood pressure-lowering are quite modest.[@b51-tcrm-10-547] It appears from this work that decreasing glucose by a modest amount is highly unlikely to lead to a reduction in cardiovascular risk, at least in the short period over which the trials are conducted. One might also conclude that in order to significantly decrease cardiovascular events in diabetic patients, cholesterol and blood pressure reduction together with smoking cessation are of paramount importance.[@b50-tcrm-10-547]

Perhaps the most notable finding was the observation of more patients on saxagliptin group than those on placebo being hospitalized for heart failure (3.5% versus 2.8%; hazard ratio \[HR\] 1.27; 95% CI 1.07--1.51; *P*=0.007). As expected, the risk of hospitalization for heart failure was closely related to N-terminal pro-brain natriuretic peptide levels at baseline in both the saxagliptin and control arms. In patients with the highest quartile of N-terminal pro-brain natriuretic peptide levels at baseline (333--46,627 pg/mL), the risk for heart failure hospitalization was 10.9% in the saxagliptin group and 8.9% in the placebo arm (HR 1.31; 95% CI 1.0--1.6; *P*=0.021). The risk for heart failure hospitalization associated with the use of saxagliptin was highest in the first 6 months (HR 1.80; 95% CI 1.29--2.54; *P*\<0.001) and declined thereafter (HR 1.48 after one year and 1.28 after 2 years).[@b48-tcrm-10-547] As expected, prior heart failure was the strongest predictor of hospitalization for during the study (HR 4.17; 95% CI 3.48--4.99; *P*\<0.001), followed by impaired kidney function (estimated glomerular filtration rate \<50 mL per minute, HR 2.39, 95% CI 1.98--2.88, *P*\<0.001; and albumin/creatinine ratio increased \>30 mg/g, HR 2.18, 95% CI 1.81--2.63, *P*\>0.001). Other variables such as older age (\>75 years) or previous myocardial infarction were less predictive.[@b48-tcrm-10-547]

The overall risk of hospitalization for heart failure in the SAVOR-TIMI study was approximately 2% yearly, with 289 cases documented in the saxagliptin arm and 228 in the placebo arm. A similar trend was observed in EXAMINE, with 106 subjects in the alogliptin arm and 89 subjects in the placebo arm being hospitalized for heart failure.

Meta-analysis combining data from both studies would suggest an increased risk of hospitalization for heart failure with the use of DPP-4 inhibitors, 395 cases of heart failure with DPP-4 inhibitors versus 317 with placebo (HR 1.24; 95% CI 1.07--1.44).[@b50-tcrm-10-547] It might be somewhat surprising that the increase in risk of hospitalization for heart failure associated with alogliptin was less clear-cut in spite of prior heart failure being almost doubled (28% versus 14.8%), and the more frequent medical controls with treatment adaptations in EXAMINE versus SAVOR-TIMI. The great use of β-blocking agents and the more frequent medical controls with treatment adaptations in EXAMINE might be one of the potential explanations.[@b50-tcrm-10-547]

If DDP-4 has a genuine adverse effect of DPP-4 on heart failure (whether it is a new development or, as appears most likely currently, may be worsening in those with existing heart failure), the mechanisms are unknown. Recently, a large number of biologically active proteins with putative truncation sites for DPP-4 have been identified, raising many as yet unanswered questions regarding how this ubiquitous enzyme might regulate many different hematopoietic and other cell functions through its effects on different cytokines, chemokines, and other proteins.[@b52-tcrm-10-547] It seems probable that a large number of biologically active proteins with putative truncation sites for DPP-4 might contribute to the lack of a beneficial effect of DPP-4 inhibitors on cardiovascular risk despite the fact that GLP-1 is cardioprotective.

Conclusion
==========

In conclusion, we have reviewed the effects of saxagliptin on fasting and postprandial glycemic control in Japanese patients with T2DM. In view of the effectiveness of incretin-based drugs for Asian Japanese patients with T2DM, saxagliptin is applicable for various pathological conditions (such as obese or lean, with or without heart failure) and is considered to be clinically significant as a new therapeutic option for Japanese patients with T2DM. Saxagliptin also has less concern for hypoglycemia and weight gain which often become problematic in routine care. Further studies involving a larger number of subjects are required, anticipating future progress in the field of diabetes care.
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![Beneficial effects of saxagliptin on PG (**A**), IRI (**B**), CPR (**C**), and glucagon (**D**) in 75 g oral glucose tolerance test for an obese patient with types 2 diabetes mellitus.\
**Abbreviations:** IRI, immunoreactive insulin; CPR, plasma C-peptide; PG, plasma glucose; min, minutes.](tcrm-10-547Fig1){#f1-tcrm-10-547}

![Mean change of HbA~1c~ (last observation carried forward) in multiple dose study. (**A**) Adjusted mean change in HbA~1c~ over time and (**B**) adjusted mean change in HbA~1c~ from baseline to 12 weeks.\
**Notes:** Values are mean ± SE. \**P*\<0.0001 versus placebo, Dunnett's test.\
**Abbreviations:** HbA~1c~, glycated hemoglobin; SE, standard error of the mean; NGSP, National Glycohemoglobin Standardization Program.](tcrm-10-547Fig2){#f2-tcrm-10-547}

![Adjusted mean change in HbA~1c~ over time in saxagliptin 5 mg long-term monotherapy trial.\
**Notes:** Values are mean ± SE. \**P*\<0.05 versus baseline, paired Student's *t*-test.\
**Abbreviations:** HbA~1c~, glycated hemoglobin; SE, standard error of the mean; wk, weeks.](tcrm-10-547Fig3){#f3-tcrm-10-547}

![Changes of HbA~1c~ in saxagliptin 5 mg long-term combination therapy trial (**A**) SUs CTG, (**B**) α-GIs CTG, (**C**) biguanides CTG, (**D**) TZDs CTG, and (**E**) glinides CTG.\
**Note:** Values are mean ± SE\
**Abbreviations:** CTG, combination therapy group; SUs, sulfonylureas; TZDs, thiazolidinediones; α-GIs, α-glycosidase inhibitors; SE, standard error of the mean; HbA~1c~, glycated hemoglobin; wk, weeks.](tcrm-10-547Fig4){#f4-tcrm-10-547}

![Adjusted mean change in HbA~1c~ from baseline to 52 week in saxagliptin 5 mg long-term combination therapy trial.\
**Note:** Values are mean ± SE. \**P*\<0.05 versus baseline, paired Student's *t*-test.\
**Abbreviations:** CTG, combination therapy group; SUs, sulfonylureas; TZDs, thiazolidinediones; α-GIs, α-glycosidase inhibitors; SE, standard error of the mean; HbA~1c~, glycated hemoglobin; NGSP, National Glycohemoglobin Standardization Program.](tcrm-10-547Fig5){#f5-tcrm-10-547}

###### 

Baseline patient characteristics in multiple dose trial

                                   Saxagliptin group   Placebo group (n=87)                 
  -------------------------------- ------------------- ---------------------- ------------- -------------
  Age (year)                       57.0±10.9           56.3±9.7               57.7±10.2     58.7±9.0
  Male, n (%)                      61 (65.6)           59 (67.0)              55 (67.1)     57 (65.5)
  BMI (kg/m^2^)                    24.70±4.25          25.51±4.19             24.82±3.92    24.68±5.06
  Duration of T2DM (year)          5.55±5.27           4.98±4.34              5.25±5.09     4.96±4.14
  HbA~1c~ (NGSP) (%)               8.69±0.76           8.40±0.76              8.47±0.77     8.05±0.71
  Fasting plasma glucose (mg/dL)   173.6±35.7          166.8±32.5             162.4±29.8    168.2±35.9
  Fasting glycoalbumin (%)         24.59±4.32          23.54±3.66             23.20±3.10    24.37±4.24
  Fasting IRI (μU/mL)              6.91±4.80           7.01±4.28              6.98±6.24     6.78±4.79
  Fasting CPR (ng/mL)              2.33±0.89           2.41±0.88              2.36±0.92     2.33±0.87
  HOMA-β (%)                       24.32±17.20         26.25±17.93            27.40±30.44   25.51±19.86
  HOMA-R                           2.99±2.30           2.91±1.87              2.80±2.31     2.80±2.03

**Notes:** Values are mean ± SD. Because prior to the start of the test, HbA~1c~ data was not obtained after administration, one case of 5 mg group was excluded from the analysis of target efficacy.

**Abbreviations:** BMI, body mass index; T2DM, type 2 diabetes mellitus; IRI, immunoreactive insulin; CPR, plasma C-peptide; HbA~1c~, glycated hemoglobin; HOMA-IR, homeostatic model insulin resistance; HOMA-β, homeostatic model assessment of β-cells; SD, standard deviation; NGSP, National Glycohemoglobin Standardization Program.

###### 

Patient use of oral hypoglycemic agents before saxagliptin treatment in multiple dose trial

                   Saxagliptin group   Placebo group (n=87)               
  ---------------- ------------------- ---------------------- ----------- -----------
  **OHA, n (%)**                                                          
  None             59 (63.4)           60 (68.2)              61 (74.4)   62 (71.3)
  OHA              34 (36.6)           28 (31.8)              21 (25.6)   25 (28.7)
   SUs             14 (15.1)           12 (13.6)              8 (9.8)     8 (9.2)
   Biguanides      8 (8.6)             7 (8.0)                9 (11.0)    5 (5.7)
   α-GIs           4 (4.3)             4 (4.5)                3 (3.7)     7 (8.0)
   TZDs            2 (2.2)             2 (2.3)                0 (0.0)     3 (3.4)
   Glinides        7 (7.5)             3 (3.4)                1 (1.2)     2 (2.3)

**Abbreviations:** OHA, oral hypoglycemic agents; SUs, sulfonylureas; TZDs, thiazolidinediones; α-GIs, α-glycosidase inhibitors.

###### 

Baseline patient characteristics in saxagliptin 5 mg long-term monotherapy trial

                                   Saxagliptin 5 mg group (n=125)
  -------------------------------- --------------------------------
  Age (year)                       58.4±10.3
  Sex, n (%)                       
   Male                            80 (64.0)
   Female                          45 (36.0)
  BMI (kg/m^2^)                    25.36±3.84
  Duration of T2DM (year)          3.93±3.45
  HbA~1c~ (NGSP) (%)               8.25±0.93
  Fasting plasma glucose (mg/dL)   158.2±30.5
  Diabetic complication, n (%)     
   Absence                         92 (73.6)
   Presence                        33 (26.4)
    Diabetic neuropathy            4 (3.2)
    Diabetic retinopathy           12 (9.6)
    Diabetic nephropathy           9 (7.2)
    Others                         18 (14.4)

**Note:** Values are mean ± SD.

**Abbreviations:** BMI, body mass index; T2DM, type 2 diabetes mellitus; NGSP, National Glycohemoglobin Standardization Program; HbA~1c~, glycated hemoglobin; SD, standard deviation.

###### 

Baseline patient characteristics in saxagliptin 5 mg long-term combination therapy trials

                                                   SUs + saxagliptin 5 mg (n=183)   α-Gls + saxagliptin 5 mg (n=113)   Biguanides + saxagliptin 5 mg (n=116)   TZDs + saxagliptin 5 mg (n=108)   Glinides + saxagliptin 5 mg (n=57)
  ------------------------------------------------ -------------------------------- ---------------------------------- --------------------------------------- --------------------------------- ------------------------------------
  Age (year)                                       62.2±9.5                         59.1±11.3                          57.4±10.2                               57.2±10.6                         60.9±11.4
  Male, n (%)                                      116 (63.7)                       75 (67.6)                          71 (61.2)                               76 (70.4)                         4 (59.6)
  BMI (kg/m^2^)                                    24.41±3.80                       24.38±4.34                         26.50±4.37                              27.54±5.99                        25.61±4.47
  Duration of T2DM (year)                          10.10±6.97                       8.10±6.44                          7.20±5.19                               7.95±5.81                         7.03±6.89
  HbA~1c~ (%)                                      8.46±0.72                        8.59±0.88                          8.50±0.81                               8.65±0.96                         8.22±0.67
  Fasting plasma glucose (mg/dL)                   162.0±33.3                       179.6±39.2                         168.8±35.9                              177.9±40.7                        159.8±30.2
  1.5-AG (μU/mL)                                   4.70±3.20                        6.25±5.20                          5.29±4.21                               3.96±3.41                         6.45±4.10
  HOMA-β (%)                                       29.58±25.10                      23.89±19.00                        34.31±27.16                             24.99±19.85                       37.89±35.31
  HOMA-IR                                          2.91±2.27                        3.13±2.31                          3.74±2.39                               3.28±2.94                         3.74±3.89
  Diabetic complication, n (%)                                                                                                                                                                   
   Presence                                        91 (50.0)                        49 (44.1)                          60 (51.7)                               55 (50.9)                         34 (59.6)
    Diabetic neuropathy                            34 (18.7)                        15 (13.5)                          21 (18.1)                               18 (16.7)                         14 (24.6)
    Diabetic retinopathy                           34 (18.7)                        13 (11.7)                          17 (14.7)                               19 (17.6)                         10 (17.5)
    Diabetic nephropathy                           53 (29.1)                        32 (28.8)                          40 (34.5)                               35 (32.4)                         18 (31.6)
    Others                                         7 (3.8)                          0 (0.0)                            2 (1.7)                                 2 (1.9)                           1 (1.8)
  Complications of cardiovascular disease, n (%)                                                                                                                                                 
   Presence                                        26 (14.3)                        6 (5.4)                            12 (10.3)                               11 (10.2)                         11 (19.3)

**Note:** Values are mean ± SD.

**Abbreviations:** BMI, body mass index; T2DM, type 2 diabetes mellitus; HbA~1c~, glycated hemoglobin; HOMA-IR, homeostatic model insulin resistance; HOMA-β, homeostatic model assessment of β-cells; SD, standard deviation; SUs, sulfonylureas; TZDs, thiazolidinediones; α-GIs, α-glycosidase inhibitors; 1,5-AG, 1,5-anhydroglucitol.
